We present optical spectra and redshifts for flat-spectrum radio sources taken from the second Caltech-lodrell Bank VLBI sample. The sources were observed using the Faint Object Spectrograph on the Isaac Newton Telescope. We show optical spectra for 90 sources, out of a total of 101 observed; of the remaining 11 sources, nine were not detected, and two were misidentified. Definite redshifts have been determined for 60 sources, and a further seven have probable redshifts determined. Five sources are shown to have featureless BL Lac type spectra, and 18 sources are too weak to give a reliable redshlft.
INTRODUCTION
In the course of the second Caltech-Jodrell Bank (CJ2) VLBI survey, 193 flat-spectrum radio sources were observed at 5 GHz (Taylor et al. 1994; Henstock et al. 1995) . The survey continued two previous 5-GHz VLBI surveys -the Pearson & Readhead (PR) survey (Pearson & Readhead 1988 ) and the first Caltech-Jodrell Bank (Cn) VLBI survey Thakkaret al. 1995; Xu et al. 1995) -to lower flux densities (SSGHz ;::: 0.35 Jy), and also restricted itself only to flat -spectrum sources (defined by a ;::: -0.5, where SIX IIa). Together the flat-spectrum sources from PR, cn and CJ2, with some additional sources, constitute a complete samplethe CJF sample .
A primary aim of the CJ2 survey was to extend the morphological classification of powerful radio sources, but there were also a number of cosmological goals of the survey. In particular, these were the investigation of the dependence of superlurninal proper motion on redshift (e.g. Vermeulen & Cohen 1994) , and a search for gravitational 'rnilli-Ienses' of 1-50 mas image separation, so probing for lensing by masses of 10 6 -1 0 8 Mo (Henstock 1995) .
To satisfy the cosmological goals of the CJ2 survey, redshifts for the CJ2 sources are vital. A search through the literature (VeronCetty & Veron 1993; NASA/IPAC extragalactic data base) originally yielded redshifts for only a few CJ2 sources. However, two programmes of redshift determination for large samples of radio sources have recently been completed and have provided a substantial number of further redshifts of CJ2 sources (Stickel, Fried & Kiihr 1989; Stickel & Kiihr 1993a ,b, 1994a Stickel, Kiihr & Fried 1993; Stickel, Meisenheimer & Kiihr 1994; Hook 1994; Hooket al., in preparation) . Despite this, only about one-third of CJ2 sources had redshifts, so there was a strong motivation to carry out an observational programme of our own to determine redshifts for the remainder. In particular, it was desirable to attain a level of redshift completeness similar to that of the PR and cn samples (100 and -90 per cent complete respectively).
In this paper we describe the observations, data analysis and results for a large part of our CJ2 redshift determination programme (see also Henstock, Browne & Wilkinson 1994) . The observations described here were made at La Palma, and were targeted at those CJ2 sources that are optically identified on the POSS plates, and which are hence relatively bright. In a complementary programme, observations of the optically fainter sources, which are mainly unidentified on the POSS, have been made using the Palomar 5-m Hale telescope (Vermeulen & Taylor 1995; Vermeulen et al. 1996) . A summary paper on the redshift and optical identification status of the CJ2 sample is in preparation.
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& McMahon 1994). The optical fields were also examined by eye using the POSS plates. Although the APM charts were generally more accurate -especially near the plate limit -the by-eye examination was useful for a few sources where the APM image analysis procedure had blended together two closely spaced objects.
Observational details
The observations took place over two observing runs of seven nights each from 1993 August 12 to 18 and 1994 February 7 to 13. Overall, the weather was good, with 6.5 clear nights in August, and 5.5 clear nights in February. In clear conditions the seeing varied from 0.8 to 1.6 arcsec, with a typical value of 1.2 arcsec. The slit width used varied from 1.35 to 2.0 arcsec depending on the seeing. This gave an effective resolution of 15-20 A in first order, and 8-10 A in second order. All observations were made with the slit at the parallactic angle to minimize the effects of atmospheric dispersion. The slit had a projected length of ~25 arc sec. This gave sufficient sky for sky subtraction, but was short enough to prevent contamination by other objects.
Target observations
Most of the targets were visible on the acquisition TV, and so could be identified from the other objects in the field using finder charts. However, about a quarter of the sources were too faint (:Z 19.5 mag) to see on the acquisition TV, and these had to be acquired by accurately 'blind offsetting'. Blind offsetting resulted in a detection about 75 per cent of the time. Whether the remaining objects were not detected because they were extremely faint or because of inaccurate telescope pointing is uncertain.
The total exposure time per source was between 300 and 7000 s depending on brightness and emission line strength -on average it was about 3000 s. Rather than having one long exposure, the observations for each object were split into multiple exposures, of typically 1000 s each, to reduce the contamination of the CCD frames by cosmic ray events.
During the two observing runs a total of 101 CJ2 objects were observed. These included all 87 of the optically identified CJ2 sources without redshifts, and also five of the CJ2 EFs without redshifts. Additionally, a further nine CJ2 objects' with known redshifts were observed to provide a check on the reliability of our results.
3 DATA ANALYSIS
Reduction steps
The data were reduced using the IRAF software package. Each observing run was reduced independently using standard data analysis steps.
The first step was to remove the bias level from the data frames, using the overscan region of the chip and bias frames. Flat-fielding was then carried out using tungsten lamp flat-fields. The curvatures of the two-dimensional data frames were traced, and the onedimensional spectra were extracted, using an optimal varianceweighted extraction algorithm (Horne 1986) .
The extracted spectra were wavelength-calibrated using a single representative Cu-Ne/Cu-Ar arc for each of the two orders. The arcs were selected from around the middle of each observing run, to minimize the effects of shifts in the wavelength scale. The spectra were flux-calibrated using observations of spectrophotometric standard stars (Oke & Gunn 1983) , by determining a sensitivity function relating counts to flux density as a function of wavelength, and then applying this to the spectra.
The flux-calibrated spectra were trimmed to remove the wavelength extremes where there was low sensitivity and hence where the spectra were noisy and badly calibrated. Following this, the first and second orders covered the wavelength ranges of 5250-10 100 and 3650-5600 A respectively. The two orders were then combined to give spectra covering the entire wavelength range, with an average of the two orders being taken in the 350 A of overlap. Finally, all the spectra for each object were combined, either by weighting by exposure time ifthe'exposure times were different, or by median value if exposure times were the same.
We then determined the equivalent widths (EWs), line centres and full widths at half-maximum (FWHMs) by Gaussian-fitting to each emission line in the source spectra.
Errors
Not all the observations were made in photometric conditions, and so the absolute flux calibration is only accurate to ~ 25 per cent for the majority of sources. This accuracy was estimated from the observations of spectrophotometric standard stars. Sources of error in the absolute flux calibration include the slit being too narrow for the seeing conditions, poor correction of observations made through cloud when combining the spectra, and variation in extinction in 'good' conditions. However, the relative flux calibration (i.e. spectral shape) of the spectra is at least an order of magnitude more accurate.
Errors in the wavelength calibration were investigated using sky emission lines in the sky spectra (which were extracted along with the object spectra). It is estimated that the total systematic errors in the wavelength calibration are approximately ±3 and ±2A for the 1993 August and 1994 February runs respectively.
RESULTS

Spectra
The fully calibrated spectra of the 90 CJ2 sources detected in the two runs are shown in Fig. 1 . The spectra are plotted as flux density per unit wavelength interval, FA (in units of erg cm-2 S-I A -I), against wavelength, A (in A). Spectra of the remaining 11 sources are not shown -nine of these sources were not detected (0700+470, 1125+596, 1308+471, 1421+482, 1459+480, 1809+568, 2003+662, 2007+659, 2138+389) , and the remaining two were mis-identified with stars in the field (0205+722, 0600+442).
The majority of the spectra show one or more definite or possible emission lines, which are marked in the spectra at their expected wavelengths, with possible lines being distinguished by a '1'. The redshifts determined for these sources are displayed in the top right-hand corner, below the source name. The remainder of the spectra, which show no emission lines, fall into two categories. Most are weak (F}..:5 5 X 10-17 ergcm-2 S-I A-I), with insufficient signal-to-noise ratio to show any reliable lines (e.g. 0129+431, 0340+362 etc.). Others are relatively strong (F}..:Z2xlO-16 ergcm-2 s-I A-I), but show no lines -these sources are featureless spectrum BL Lac-type objects (0749+540, 0925+504, 1206+415, 1246+586, 1250+532). ., <0
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., and redshift code are given for each source. The redshift code summarizes the results of the observations for each source. If a redshift was determined a code of Z, P or C is given, indicating a definite or probable new redshift or a confirmation of a previously known redshift respectively. If no redshift was determined the codes used are weak. (W), strong and featureless (F), mis-identified with the wrong object in the field (M), or not detected at all (N). Where applicable, Table Al also gives all line identifications (IDs), central wavelengths, equivalent widths (EWs) and full widths at halfmaximum (FWHMs), as well as the mean source redshift with error.
For the spectra with more than one line, the mean source redshift was determined from an unweighted mean of the redshifts of the individual lines. If a spectrum had definite lines, the possible lines were not included in the redshift calculation. The error on the redshift was determined from a combination of the standard error on the mean line redshift and the error in redshift due to the error in wavelength calibration. In the few cases where the source only had one line, the redshift is simply the line redshift. In this case, the error was determined from a combination of the error in redshift due to the wavelength error and the error due to Gaussian fitting, lTg . .
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., 16 quasars with z > 2 have been discovered. Only one of these, 1839+389, has a redshift of z> 3, with z = 3.095, although 1427+543 has a redshift of z = 2.99. It seems likely that almost all the optically identified z > 3 quasars in the CJ2 sample have already been found by Hook and co-workers (Hook 1994; Hook et al., in preparation) , who were specifically searching for such objects. 1839+389 was missed by them because it appeared blended on the POSS plates, and was therefore mis-identified as a galaxy and so was excluded from their sample. Some of the sources presented in this paper have also been observed with the Palomar 5-m Hale telescope (Vermeulen & Taylor 1995; Vermeulen et al. 1996) . The Palomar observations have confirmed five of the probable. (P) redshifts given here. Furthermore, in three cases, the Palomar observations have determined definite redshifts for weak (W) sources, and in two cases definite redshifts have been determined for sources not detected with the INT (N).
The source 1839+389 is worthy of further mention. In the INT spectrum presented in Fig. 1 , broad dips are seen in the spectrum at ~ 5850 and ~ 6200 A, suggesting that this is a high-redshift broad absorption line (BAL) quasar. However, more sensitive observations of the source at Palomar (Vermeulen et al. 1996) show no evidence for these dips at all, indicating that they are likely to have been an artefact of spectral extraction.
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